INTRODUCTION
Obesity is a growing public health concern and increases risk for hypertension, diabetes, metabolic syndrome, heart failure, other cardiac risk factors, and in the worst case, mortality. [1] [2] [3] While individuals in the military must pass certain fitness standards before serving in the Armed Forces, there is mounting evidence that obesity is becoming an epidemic among veterans in the post-deployment period and as they age. 3, 4 Some studies have found that veterans experience a burst of weight gain after military discharge, which may be a particularly vulnerable time in which post-deployment eating patterns may be established. 5 As these veterans return and seek medical care, it is essential that we identify and intervene with veterans who are at greatest risk for obesity before unhealthy eating patterns and weight gain occur. There is already preliminary evidence that being overweight and high body mass index (BMI) is becoming a problem for Iraq and Afghanistan veterans. 6 Given that over half of Iraq and Afghanistan veterans enrolled in Department of Veterans Affairs (VA) healthcare have received one or more mental health diagnoses, with posttraumatic stress disorder (PTSD) being the most common, [7] [8] [9] it is important to better understand the association between mental health diagnoses and obesity. Among veterans, studies exploring the link between PTSD and obesity markers, such as BMI, have found mixed results, with the majority finding no association between BMI and PTSD, 10, 11 even in a sample of Iraq and Afghanistan veterans. 12 While a few studies have supported the relationship between BMI and PTSD, these studies were conducted with older and predominantly male veterans. 13, 14 One study conducted with both men and women found a 
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relationship between obesity and PTSD for women, but not for men. 15 The main goal of this study was to explore the relationship between BMI and PTSD in a large cohort of Iraq and Afghanistan veterans, with particular attention to gender differences, and to evaluate trajectories of change in BMI over time. We examined BMI trajectories separately by gender because of recent studies that demonstrate gender differences in weight gain among Iraq and Afghanistan veterans. 6 
METHODS

Study Design, Population, and Data Source
We conducted a retrospective, longitudinal cohort study of veterans who served in Afghanistan (Operation Enduring Freedom; OEF) and Iraq (Operation Iraqi Freedom; OIF and Operation New Dawn; OND) who had used the VA healthcare system for a clinical visit between October 7, 2001 (the beginning of OEF) through December 31, 2011. We included 496,722 veterans (59,790 female and 436,932 male veterans) whose height and weight were recorded at the VA at least once after the end of their last deployment and whose first post-deployment outpatient encounter at the VA was at least 1 year prior to the end of the study period. Data for this study were derived by merging the OEF/OIF/OND Roster with three other VA national level administrative data sets: Demographics and Vital Signs (via the Corporate Data Warehouse), National Data Extract of pharmacy data via Decision Support System, and the National Patient Care Database of outpatient clinical encounters and associated clinical diagnoses. The study was approved by the Committee on Human Research, University of California, San Francisco, and the San Francisco VA Medical Center.
Outcome Measures
Body Mass Index (BMI). We calculated BMI by dividing weight in kilograms (kg) by height in meters (m) squared (kg/m 2 ) for each weight measurement, using the median of each patient's recorded height measurements at all clinical visits during the study period. For our analysis, we used BMI measurements up to 3 years following the index weight measurement (after the last deployment); the average patient-level BMI was calculated for each 6 month interval starting at the index BMI measurement.
Only biologically plausible heights and weights were included in the analyses (> 70 lb and < 700 lb; > 46 in. and < 84 in.). To further improve data quality, all available weight measurements (both pre-deployment and postdeployment) were included in a linear mixed model of BMI over time (with a random intercept and slope for each veteran, adjusted for age and gender), in order to identify and exclude within-patient outliers (absolute value of conditional residual ≥ 10). BMI measurements were retained if they were both biologically plausible and not extreme outliers (16≤BMI≤52). We used the International Classification of adult underweight, overweight and obesity according to BMI. 16 The number and frequency of BMI measurements varied across veterans. The percentage of the cohort with BMI data during each 6-month interval subsequent to the first interval was as follows: 6-12 months: 44 %, 12-18 months: 40 %, 18-24 months: 32 %, 24-30 months: 28 % and 30-36 months: 23 %. Veterans with PTSD had slightly more BMI measurements recorded than veterans without PTSD. We confirmed that the mean and median index BMI did not differ for those with only one measurement compared to those with more BMI measurements.
Pregnancy-related diagnostic codes 17 were used to determine whether a female veteran was pregnant at each clinical encounter. All BMI measurements in the 6 months preceding and 12 months subsequent to any clinical encounter with a pregnancy-related code were excluded from the analysis. As a result, a total of 2,061 women were completely excluded and an additional 7,623 women had some BMI values excluded.
Predictor Variables
Age at first BMI measurement and gender were extracted from the VA demographics data file. Race Veterans were also categorized by whether they had none, one, two, or three or more mental health diagnoses. Information about antidepressant medication use (including monoamine oxidase inhibitors, tricyclic antidepressants, selective serotonin reuptake inhibitors, atypical antidepressants, and serotonin-norepinephrine reuptake inhibitors) and antipsychotic medication use for greater than 30 days within each 6-month interval was obtained from VA outpatient pharmacy data.
Statistical Analysis
We compared baseline demographic, military and clinical characteristics in female and male veterans with and without PTSD diagnoses using the chi-square test for categorical variables and the t-test for continuous variables.
Growth mixture modeling (GMM) is a person-centered approach to modeling longitudinal trajectories that assumes that the data are from a heterogeneous population made up of a mixture of types or "classes" of individuals (latent trajectory classes). 18 This approach allows for differences in patterns of change in BMI over time where different classes of individuals are allowed to vary around different mean intercepts and slopes. For example, there may be distinct latent BMI trajectory classes, such as individuals who are slowly increasing in weight, rapidly increasing in weight, slowly losing weight, etc. The relationship between BMI trajectory and mental health conditions was allowed to vary by latent class.
We used GMM to identify latent classes of BMI trajectories and to estimate class-specific mean initial BMI (intercept) and class-specific mean change in BMI (linear and quadratic slopes). Random intercepts and slopes were included and the random effect variances were assumed to be equal across classes. Women and men were modeled separately. We specified an analysis model that included age at first post-deployment BMI measurement and race/ ethnicity as covariates for the purpose of identifying the number of trajectory classes. We selected a solution based on a combination of theory, previous research findings, 6, 19 model fit criteria, 18, 20, 21 and parsimony. We performed multinomial logistic regressions using posterior probabilitybased multiple imputations ("pseudo-class" draws) to examine the association between the latent BMI trajectory classes and each mental health condition, separately. First we built models adjusted for age and race/ethnicity (as described above), and then we built models further adjusted for demographics (time from last deployment to index BMI, marital status, distance to and type of the nearest VA facility) and military characteristics (branch of service, rank, component type, and number of deployments), as well as antipsychotic medication use. We performed a sensitivity analysis that further adjusted for antidepressant medication. We also tested interactions between PTSD and age at baseline and between PTSD and race, given that both age and race are associated with BMI. Full-information maximum likelihood algorithm for handling data that is missing at random and missing completely at random was used for estimation of GMM. We assigned individuals to their most likely latent class based on posterior probabilities from the GMM models, in order to determine the probability of belonging to latent BMI trajectory class by mental health condition. Results were considered statistically significant at the p<0.001 level, given the large sample size. 22, 23 We used SAS (v 9.3, SAS Institute Inc., Cary, NC) for chisquare, t-tests and linear mixed models and Mplus (v 6.12) for all GMM models. 24 
RESULTS
Demographic, military and clinical characteristics of the 496,722 OEF/OIF/OND veterans whose post-deployment BMI was measured at the VA are presented in Table 1 (stratified by gender and PTSD diagnosis). The cohort was comprised of 59,790 (12 %) women and 436,932 (88 %) men. The cumulative prevalence of PTSD was 30.8 % among female veterans and 38.4 % among male veterans. The average age at baseline was similar in men and women, except that men without PTSD were slightly older. At baseline, male veterans were more likely to fall into the overweight or obese BMI categories than female veterans (77 % vs. 59 %).
The four latent BMI trajectory classes, which emerged independently for female and male veterans, are illustrated in Fig. 1 . The trajectories were very similar in male and female veterans, although the proportion in each class differed slightly by gender. Latent class 1 ("stable overweight;" note the term overweight was chosen to describe the range of BMI for the mean values) represented the largest class, and was characterized by lower initial BMI values that slowly increased over time. Latent class 2 ("overweight/obese gaining") was characterized by initial BMI values in the overweight category with rapidly increasing weight during the first 2 years, followed by deceleration leading to slight weight loss during year three. Latent class 3 ("obese losing") represented the smallest class, and was characterized by initial BMI values in the obese category with rapid weight loss during the first 2 years, followed by accelerated weight gain and a return to obesity in year three. Latent class 4 ("stable obese") represented the second largest class, and was characterized by the highest initial BMI values and persistent obesity. The parameter estimates for the latent growth mixture models of BMI in women and men are presented in Appendix Tables 5 and 6 (available online) .
The gender and mental health condition-specific distributions by BMI latent class (adjusted for age and race/ ethnicity) are presented in Table 2 . In general, those with mental health conditions were more likely to belong to the three heavier BMI latent trajectory classes, i.e., the overweight/obese gaining, obese losing or stable obese classes. However, those with anxiety disorder (not including PTSD), alcohol use disorder or drug use disorder were slightly less likely to belong to the stable obese class than those without those disorders.
Overall, after adjusting for covariates, mental health conditions remained associated with increased risk of belonging to one of the three heavier BMI trajectory classes, although the magnitude of the associations were attenuated (Table 3 for women and Table 4 for men). In many cases, the association between BMI trajectory class and mental health conditions remained statistically significant independent of demographic and military characteristics as well as antipsychotic medication use. After further adjusting for antidepressant medication use in a sensitivity analysis, the associations were attenuated but the direction of the relationship remained the same. Estimates for covariates in the fully-adjusted PTSD models are presented in Appendix Tables 7 and 8 (available online) .
The associations between BMI latent trajectory classes and mental health conditions were similar in women and men. However, the positive association with depression was greater in women than men (see Tables 3 and 4) . Also, among women, depression was the mental health condition with the highest risk of belonging to the stable obese class, but among men it was PTSD.
DISCUSSION
In this study of nearly 500,000 returning Iraq and Afghanistan veterans, we found that 75 % were either overweight or obese at baseline, and most demonstrated continued weight gain over time, with 12-18 % in the highest risk groups. Although rates of obesity are high in the general population, this is particularly concerning, given the young age of these veterans and the potential for future obesity-related health problems, such as diabetes, heart disease, and increased mortality. Those with PTSD and depression, as well as those with multiple other mental health conditions, had the greatest likelihood of being in the highest risk groups, the stable obese and overweight/obese gaining classes. Finally, though overall BMI trajectories were similar in men and women, we observed some gender differences in the risk profile for weight gain. These results expand upon prior work that has largely been conducted in older, male veterans. For example, those in the larger two BMI trajectories classes demonstrated gradual increases over time. We did find that two smaller *Latent trajectory classes were determined from gender-specific latent growth mixture models of BMI that included age and race as covariates. Individuals were assigned to the latent BMI trajectory class for which they had the highest posterior probability of belonging MH mental health; PTSD posttraumatic stress disorder classes, "overweight/obese gaining" and "obese losing," reversed direction around 18-24 months. One possibility is that these weight changes coincide with the time that veterans with mental health problems engage in minimally adequate mental health treatment; 25 for some, this may be a weight loss facilitator, while for others, it may be a temporary barrier as potentially difficult emotions are experienced. Our finding that those with mental health conditions were more likely to be in the overweight or obese groups, with some exceptions (e.g., alcohol use disorders) is also consistent with earlier work. 13, 14 However, our finding that men and women have similar BMI trajectories deviates somewhat from past studies of Iraq and Afghanistan veterans, 6 but is similar to population-based studies. 26 We also found that depression was the mental health condition with the highest risk of belonging to the stable obese class among women, but among men, the highest risk was found in those with PTSD. This is contrary to a study of community dwelling adolescents and young adults in Germany, which found a relationship between obesity and PTSD for women, but not for men. 15 The different gender effects in our veteran population have important treatment implications, given the growing number of women in the military and the fact that depression is the most common diagnosis among recently returning female veterans seeking VA services. 22 For example, primary care providers working with depressed female veterans can screen for problematic eating behaviors in this group, assess motivation for behavior change, and enlist the assistance of mental health colleagues to directly address problematic eating leading to weight gain.
The relationship between particular mental health diagnoses and gender highlights the need to monitor weight, refer patients with mental health and weight issues for specialty mental health care, and potentially develop weight management interventions within mental health clinics. This also underscores the need for collaborative care efforts among primary care and mental health clinicians. Interventions that take both mental health components and weight status into account may best facilitate weight loss, and programs that do not account for mental health status may be less effective. 27, 28 Managing overweight or obese patients with mental health problems within the VA can be effectively accomplished within existing systems of care, particularly with the nationwide implementation of primary-care mental health integration programs. For veterans seen outside the VA system, coordinated primary and mental healthcare is also important. Ensuring that barriers to weight loss and adoption of healthy choices are addressed from an integrated care perspective is critical in VA and non-VA settings. For example, providers can send consistent messages about adverse health reactions and work together on amelioration of mental health problems, such as depression and PTSD. While referral to VAweight loss programs such as MOVE! is an important step, assisting veterans with barriers to attending, completing, and benefitting from these programs can be accomplished through primary care and mental health co-management, and further through engaging programs such as VA Telephone Lifestyle Coaching available through the VA. For example, if a barrier to attending MOVE! has to do with the fact that the veteran engages in overeating to cope with traumatic memories or depressive thoughts, these might need to be addressed within an integrated care setting before a veteran can benefit from a weight loss program.
There are several reasons that treating underlying mental health issues may facilitate weight loss. First, individuals with mental health problems such as PTSD and depression may engage in unhealthy eating in response to stress or to assist with emotional regulation. 29, 30 For example, eating may serve as a coping strategy for those with depressed mood or anxiety the same way that alcohol and/or drugs may serve as a coping strategy for those with substance use disorders. Consequently, treating the underlying mental health cause of the weight gain is critical. Unfortunately, a large number of returning veterans with mental health problems do not engage in adequate mental health care. 25, 31 Our study suggests that efforts to improve engagement and retention in mental health care may improve the mental and physical health of returning veterans. 32 There are several limitations of our work. First, veterans returning from recent deployments may have higher BMI due to muscle mass rather than truly being overweight or obese, and we were not able to include measurements of body fat or other more specific indicators of obesity. Second, the number of BMI measures differed across our subjects. Third, rates of PTSD may be greater in our cohort, given that these veterans all sought primary care within the VA. Fourth, mental health conditions were assessed by diagnostic codes rather than clinical interviews. Finally, given that we used administrative data, our analyses measured associations, rather than cause-and-effect relationships, between mental health and BMI trends.
Despite these limitations, our findings have important implications for future research and for clinical care of returning veterans. Though overall BMI trajectories did not differ in men and women, we did find some gender differences in associations of mental health conditions and BMI, underscoring efforts to provide gender specific care for returning veterans. 33 In addition, the fact that 75 % of returning veterans were overweight and obese and that those with mental health diagnoses had increased obesity risk highlights the need for all providers to counsel returning veterans about weight, and for efforts to better integrate primary and mental health care.
